Purpose Reverse shoulder prostheses have been gaining popularity in recent years. A short metaphyseal stem design will allow bone stock preservation and minimize stem related complications. We examined the clinical and radiographic short-term outcome of a short metaphyseal stem reverse shoulder arthroplasty. Methods Thirty-one patients, with a mean follow-up of 36 months (24-52), were evaluated clinically with the Constant-Murley score, patient satisfaction and pain relief scores. The fixation of the glenoid and humeral components, subsidence and notching were evaluated on radiographs. The indications were cuff tear arthropathy (22), fracture sequelae (five) and rheumatoid arthritis (four). Results The average Constant score improved from 12.7 (range two to 31) pre-operatively to 56.2 (range 17-86) postoperatively. It rose from 13.5 to 58.3 in patients with Cuff arthropathy, from 15.8 to 62.0 in revision arthroplasty, from 10.2 to 47.4 in those with fracture sequelae, and from 11.5 to 55.3 in patients with rheumatoid arthritis. The overall mean patient satisfaction score improved from 2.4/10 to 8.5/10 and mean pain score improved from 0.8/15 to 12.5/15. We found an overall improvement in active forward flexion from 46.8 to 128.5°and from 41.6 to 116.5°in abduction. No humeral loosening or subsidence was observed. Two cases of grade 1-2 glenoid notching were reported. Overall there were three intra-operative fractures that did not affect the operation and healed without affecting the good results. There were five late traumatic periprosthetic fractures, only one of them required a revision surgery to a stemmed implant and the rest healed without surgery. There were two early dislocations that had to be revised. Conclusions The clinical and radiographic evaluation of a bone preserving metaphyseal humeral component in reverse shoulder arthroplasty is promising, with good clinical results, no signs of loosening or subsidence.
Introduction
Reverse shoulder arthroplasty (RSA) has been gaining popularity in recent years since Paul Grammont [1] introduced the modern RSA design in the 1980s, consisting of a hemispherical glenoid component that generates a medialized and inferior glenohumeral center of rotation which reduces the torque on the glenoid component, increases the moment arm and tensions the deltoid [2, 3] . Currently RSA is indicated for a wide variety of shoulder pathologies such as cuff tear arthropathy, irreparable rotator cuff tear, proximal humeral fracture, fracture sequela, revision of a failed arthroplasty, etc.
Despite promising clinical results with the modern reverse design, significant complication and reoperation rates have been reported [3] [4] [5] [6] [7] [8] . A significant part of the reported intraoperative, postoperative and difficulty during revision surgery is related to the diaphyseal humeral component [9] [10] [11] [12] [13] .
We report on the short-term clinical and radiographic results of patients that underwent RSA with a metaphyseal stem humeral component. Our hypothesis was that the short-stem prosthesis would avoid the complications that are related to the diaphyseal stemmed design without compromising on the clinical and radiographic results.
Patients and methods
We treated 34 consecutive patients with a metaphyseal short stem, reverse shoulder prosthesis (Verso, Biomet, Swindon UK) between 2005 and 2007. Of the 34 patients, 31 were available for analysis at a minimum of 24 months. Two patients were lost to follow-up due to unrelated medical and social reasons, and one died six months after surgery from unrelated cancer. There were 21 females and ten males; the average age at surgery was 73.5 years (58-93) with a mean follow up of 36 months (24-52). The indications for surgery were cuff tear arthropathy (22) , fracture sequelae (five) and rheumatoid arthritis (four).
The procedure was performed through the NaviaserMacKenzie, antero-superior approach to the shoulder [14, 15] . Only minimal proximal humeral bone resection was performed and the resected bone was used for bone graft impaction. The humeral component has three thin fins that give immediate metaphyseal press fit fixation of the humeral prosthesis to the humerus (Fig. 1) .
Patient evaluation was performed by independent observers pre-operatively and at three, six, nine, 12 and 24 months post-operatively and yearly thereafter. Shoulder functionality was assessed using the Constant score. Patient satisfaction and pain relief were assessed on a 0-10 and a 0-15 visual analogue scale accordingly. Radiographic analysis was performed utilising a true AP and axillary views of the shoulder.
Improvement, or gain, in both functionality and patient satisfaction were calculated for each case by comparing the latest observed post-operative value to the corresponding preoperative value, and the significance of the difference was tested using the paired t-test. Improvement over time (pre-op, immediate post-op, last follow up) in Constant score was assessed using all clinical data. Statistical analyses were carried out using SAS (Release 8.2, SAS Institute Inc., Cary, NC, USA).
Results
The average Constant score improved from 12.7 (2-31) to 56.2 . Age/sex adjusted CS improved from 17.8 to 80.2; it rose from 13.5 to 58.3 in patients with Cuff (Fig. 2 ). All these gains were statistically significant (P<0.0001). The overall mean patient satisfaction score improved from 2.4/10 to 8.5/ 10 ( Fig. 3) , and mean pain score improved from 0.8 to 12.5/15 (Fig. 4) . We also found an overall improvement in active forward flexion from 46.8 to 128.5°and abduction from 41.6 to 116.5° (Fig. 5) . A mean of 50.8°external rotation and 64.6°internal rotation were documented in the last follow up (Fig. 6) .
The radiographic analysis showed no lucencies around the implants or subsidence (Fig. 7 ). There were two cases of glenoid notching (grade 1-2) that did not seem to affect the outcome. There were two early dislocations early in the series. Both were re-operated; in the first case the linear was reoriented and in the second an inferior glenoid osteophyte was resected. Both did well and did not re-dislocate.
Two cases had an intra-operative crack of the humeral metaphysis during bone graft impaction, and in one case (3.2 %) the glenoid rim was cracked during preparation. All these healed completely around the implants at three months with conservative treatment. These were part of the learning curve of the new implant.
One patient developed stress fracture of acromion three months after surgery. The patient had a temporary episode of pain and limitation of movement, however, regained full range of motion and function with no pain without any treatment.
Five patients (16 %) that were doing very well after the arthroplasty, unfortunately, sustained late traumatic periprosthetic fractures after falls. One sustained glenoid fracture following a fall, and the patient refused further surgery. Three sustained metaphyseal fractures following a fall. They were treated conservatively and all healed with good function (Fig. 8) . One patient sustained a fully displaced proximal metaphyseal fracture and had revision to a stem reverse prosthesis. Overall, only three patients had to undergo revision surgery, two for instability and one for the late traumatic fully displaced periprosthetic fracture for revision to stemmed prosthesis.
Discussion
The preliminary short-term clinical and radiographic results with metaphyseal short stem reversed shoulder prosthesis are promising. The average Constant score improved by 43.5 points from 12.7 to 56.2. The improvement was statistically significant (p<0.0001) for all subgroups of the Constant score: pain, activity of daily living, range of motion and power. In addition, we found a marked improvement in patient satisfaction of their shoulders from 2.4 to 8.5/10.
In their systemic review of the complications related to reverse shoulder arthroplasty, Zumstein et al. [9] found a 4.2 % prevalence of complications related to the humeral component, representing 20 % of all postoperative complications including periprosthetic fracture, disassembly, and loosening. In revision cases they found that the humeral component had to be removed in more than 70 % of the cases.
Matsen warned of the potential for an increase in the risk of fracture and loosening with reverse-geometry designs, stating that, because the prosthesis is a fixed-fulcrum device, "forces applied to the humerus . . . may cause humeral or scapular fracture and prosthesis failure by fatigue" [16] .
The periprosthetic fractures problem is even greater with reverse shoulder replacement; most of them required reoperation for the fracture.
In a recent paper by Anderson et al. [13] , there were 36 periprosthetic fractures treated surgically by either ORIF or revision arthroplasty. They concluded that: "Periprosthetic fracture around a humeral stem implant is a difficult clinical problem involving complex decision-making.... Complications were frequent, and a reoperation was required in 19 % of the patients. More than half of the patients in our study had a loose humeral component that required revision." Boileau et al. [3] claimed that fixation of a reversed prosthesis may be more problematic on the humeral side than on the glenoid side. Some of the potential reasons for these complications such as humeral subsidence, unscrewing or loosening may be related to the fact that the humeral stem is round and offers very little resistance to rotational torque. We did not observe any lucent lines, loosening or subsidence of the metaphyseal stem reversed humeral component. A possible explanation is the triple tapered humeral component design that provides a good immediate press fit metaphyseal fixation with resistance to rotational torque.
Melis et al. [17] found radiological signs of stress shielding in 5.9 % of cemented and 47 % in uncemented implants, as well as partial or complete resorption of the greater and lesser tuberosities (greater tuberosity resorption in 69 % of cemented and 100 % in uncemented implants and lesser tuberosity resorption in 45 % of cemented and 76 % of uncemented implants). The fixation of the prosthesis used in our series is metaphyseal rather than in the diaphysis as with diaphyseal stem prostheses. We haven't seen any lucencies around the humeral component, nor resorption of bone around the humeral component, suggestive of stress shielding in our short term.
Fractures of the proximal humerus due to falls in older age are well known. Proximal humerus fractures account for nearly 5 % of all fractures [18] and incidence increases secondary to an aging population and associated osteoporosis [19] [20] [21] . Nearly three fourths of all proximal humerus fractures occur in patients older than 60 years, and they generally occur as a result of low-energy trauma such as a fall from standing height [22] . The risk of late periprosthetic fractures is higher due to the presence of the metal implant as stress riser [13, 23, 24] . While late traumatic (after a fall) periprosthetic humeral fracture in diaphyseal stem prostheses has to be revised in the majority of the cases and has a negative effect on the results [9, 13] , in our series most of these fractures were metaphyseal and were treated conservatively with excellent outcome. The mean age of our patients was 73.5 years (range 58-93 years), and people in this age group are prone to falls and fractures [18] [19] [20] [21] [22] . The late traumatic periprosthetic fractures are not complications of the prosthesis. Furthermore, the patients that suffered the late traumatic periprosthetic fractures were not regarded as failures, as they recovered reasonably good function and no pain after healing of the fracture with conservative treatment. Only one patient had to undergo further surgery for periprosthetic fracture. The reason for that difference might be that if a diaphyseal stem prosthesis is used, the periprosthetic fractures tends to occur at the humeral shaft where the metal-bone interface stress riser exists, while in the metaphyseal prosthesis the stress riser is in the metaphysis that has a better potential to heal.
The risk of periprosthetic fractures due to falls exists with any type of prosthesis. We think that with a short metaphyseal stem prosthesis the stress riser remains in the metaphysis and the fracture will be metapyseal and therefore applicable for conservative treatment.
Conclusions
The metaphyseal short-stem reverse shoulder replacement shows encouraging preliminary clinical and radiological results. No humeral component fixation related complications were encountered. We had a low rate of complications and the most frequent complication, late traumatic periprosthetic fractures, were mainly metaphyseal and treated conservatively without compromising the final outcome. Nevertheless, our study is not without limits, this is a short-term (24-52 months) follow-up study on a rather small and heterogenic group of patients. Studies are needed to assess longer follow up.
